Experimental
Reagents and apparatus Activated carbon powder (Merck, No. 2186 ) was used after drying at 105°C for 2 h or after the following purification.
Five gram of activated carbon was shaken with 100 ml of 1 M hydrochloric acid for 3 h, washed with water, and dried at 105°C. The iron content decreased from 0.029% to 0.015%. This carbon was used for the spectrophotometric determination of iron.
Standard iron(III) solution was prepared by dissolving Fe(NH4)(S04)2.12H20 in 0.1 M hydrochloric acid. 59Fe (Japan Radioisotope Association , FeCl3 in 0.1 M HCl) was used as a radioactive tracer.
A counting rate was measured with a NaI(Tl) scintillation counter (well type). A spectrophotometer (Shimadzu UV-120-02, 1-cm cell) was used for the spectrophotometric determination of iron. Procedure
Ten ml of hydrochloric acid solution containing 10 µg of iron(III) and an adequate activity of 59Fe was transferred to a 20-m1 Erlenmeyer flask with a groundglass stopper. Ten milligram of activated carbon was added, and the mixture was mechanically shaken at room temperature for about 20 h. The carbon was filtered off on a membrane filter (0.45 µm) with suction and washed with two 0.5-ml portions of hydrochloric acid of the same acidity; the filtrate and washings were received in a screw-cap glass vial (25 mm o.d.X70 mm). The carbon plus filter was transferred to another vial, 11 ml of water was added, and the contents were mixed by hand. The counting rates of carbon and filtrate were then measured.
When iron was determined spectrophotometrically, 50 ml of solution containing 50 µg of iron and 50 mg of activated carbon was used. After shaking and filtration, the filtrate was evaporated almost to dryness. The carbon plus filter paper was ashed in a porcelain crucible at 550° C for 1 h. The ash was dissolved in 1 ml of (1+1) hydrochloric acid by heating. Iron in the solution from carbon and in the filtrate was determined with 1, l0-phenanthroline.3
Results and Discussion
Effect of the hydrochloric acid concentration on the adsorption of iron(III) is shown in Fig, 1 . Ninety-three percent of iron(III) was adsorbed from 10 M hydrochloric acid solution after contact time of 19 h; this gives a distribution coefficient of 1.3X104 (ml g1). About 89% of iron(III) was adsorbed after contact time of 2-6 h. Eighty-eight percent of iron that had been adsorbed from 10 or 50 ml of 10 M hydrochloric acid was desorbed by shaking with an equal volume of 1 M hydrochloric acid for about 20 h (iron was determined radiochemically or spectrophotometrically).
Adsorption of iron from 10 M hydrochloric acid solution as a function of the iron(III) concentration is shown in Fig. 2 (temperature 25° C) .
Iron(II) was not appreciably adsorbed in the presence of 1% titanium(III) chloride (Fig. 1) .
The adsorption behavior of iron(III) (Fig. 1) is similar to the behavior of anion-exchange4 and of extraction by oxygen-type solvents.4 Iron(III) is not adsorbed (<2% adsorption) from 5 M sulfuric acid or 6 M nitric acid solution by activated carbon. Presumably iron(III) is adsorbed as chloro-complex(es) by activated carbon. If this is valid, adsorption of other chloro-complexes, e.g., those of gallium, thallium, etc., will be expected. This problem is being studied. The author thanks Prof. H. Onishi for advice and suggestions, and also the Radioisotope Center of this university for permitting the tracer work. 
